In this work, the sensibility of the resistance to the strain for the carbon fibre bundle embedded in composites was examined. Feasibility of using the embedded carbon fibre bundle array in composites to detect damage was explored too.
INTRODUCTION A usual technique to detect damage of Smart
Composites is using the optical fibre array embedded in composites (1) (2) (3) (4) (5) . However, the optical fibre is not a bear-loading material in smart composites sincethe optical fibre is brittle and inappropriate for the case of sustaining large strain.. Furthermore, the detection and processing system of the optical fibre array is complicated and costly. Recently, some investigators (6) (7) (8) have embedded the constantan wire in composites in an attempt to monitor the strian and detect the damage in composites. Constantan wire, as it is heavy, may be inappropriate for smart composites.
Considering the dependence of carbon fibre on deformation, an attempt was made to explore the possibility of using the embedded carbon fibre bundle array for the damage detection in composites. Firstly, the sensitivities of the resistance to strain of the carbon fibre bundles in air as well as embedded in composites were measured. It is shown that such sensitivity is comparable with that of usual constantan wire gage. Secondly, a square specimen of glass fibre/ epoxy laminate incorporating a carbon fibre bundle array was made. When the square specimen was simply supported at four edges and subjected to a concentration loading, the resistance of each carbon fibre bundle in the array was measured. Subsequent to that, drilled a hole was in this square specimen and the above test was repeated. By comparing the measured resistances of the two cases mentioned above demonstrated the feasibility of using embedded carbon fibre bundles array in composites to detect damage was demonstrated.
EXPERIMENTS
Two types of experiments were made. One was to examine the sensitivity of the resistance to strain of the carbon fibre; the other was to investigate the possibility of detecting damage by means of the carbon fibre bundle array embedded in composites. Experiment 1: 0 direction, formed a 2-dimension array in the square laminate. The spaces between the two neighbouring bundles were all 15 mm in these two directions. The central region of the specimen was divided into the specimen was unloaded and removed from the test frame. A hole with a diameter of 12 mm was drilled at the centre of sub-area 4 in the above specimen. Then repeated the above test. Table 1 , 2 and Fig. 3 show the measured results of the two specimens, respectively. The sensitivity coefficient is calculated by the following equation:
RESULTS AND DISCUSSION
Where R 0 is the initial resistance of the bundle to be measured, R i and L e are the resistance and the strain at the load level of order i, respectively. The results in Table 1 and Table 2 demonstrate that the sensitivity of the resistance to strain for these measured carbon fibre bundles is comparable with that of the usual constantan wire gauge. Fig. 3 shows that the sensitivity of carbon fibre bundle resistance to strain in composite is almost the same as that in air. direction was obtained by the extensometer. The corresponding resistance of the carbon fibre bundles was measured by the use of Wheatstone Bridge. In order to compare the characteristics of the resistance to strain of carbon fibre bundles embedded in composites as well as in air, a unidirectional tension test of single carbon fibre bundle was carried out in the same way. Experiment 2:
16 sub-areas by such an array as shown in Fig.2 . The test was carried out on MTS-810. The specimen was simply supported on a square steel frame. A concentration loading was applied to the centre of sub-area 10 by an indentor and corresponding resistance of each fibre bundle was measured by the use of Wheatstone Bridge under each load level. As a consequence, a series of loading-resistance data were obtained. After that, 
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CONCLUSIONS
Examining the results of the above experiments, we can conclude that the resistance to strain is sensitive in the carbon fibre bundle. Thus, detecting damage in the specimen with the array of carbon fibre bundles embedded in composites is possible. An advantage of the carbon fibre is that it can be used as the strain sensor, as well as, the bear-loading component in smart composites. It is still necessary to investigate the effect of the electrical current on the resistance of carbon fibre relatively moderate as shown in Fig. 4 . It is obvious that introducing hole into the specimen results in strain (stress) concentration in the area around the hole boundary. As a result, the fibre bundles adjacent to the hole sustain large strain change. But the fibre bundles remote to the hole is not influenced by the hole.
bundle and to develop a system of detecting damage by using the array of the carbon fibre bundles embedded in composites in further work.
